
-1-                    2170128 APPARATUS' FOR GENERATING AN AXBRASIVE FLUID
JET This invention relates to apparatus for generating an abrasive fluid
jet and especially to such apparatus for use in cleaning and cutting
operations. Prior apparatus of this sort includes a jetting head for
ejecting a jet of abrasive particles entrained in a stream of a fluid which
may be either gas or liquid, normally either air or water. The fluid is
normally passed axially through the head as a high pressure jet and
the'abrasive particles are introduced into the fluid jet generally at an
angle to the direction of flow thereof and are entrained in the jet so that
a jet of abrasive particles is ejected at high speed from the outlet of the
head onto the article to be abrasively treated. The abrasive particles are
introduced into the head in flowable form and may be either dry, in which
case they are usually fed into the jet already entrained in air, or wet, in
which case they are normally fed into the jet in the form of a liquid
slurry. In most hitherto known apparatus the head operates as a jet pump in
that the venturi effect of the fluid jet passing through the head draws the
abrasive particles into the Head. The hitherto known apparatus has a number
of disadvantages which primarily arise because the head operates as a jet
pump. First, the concentration of abrasive particles that can be entrained
in the fluid jet is limited by the pumping capacity that can be generated
thereby and moreover it is extremely difficult to ensure a Q constant
concentration of abrasive particles in the jet. Secondly, the source of
abrasive particles must be close to the head because the jet pump cannot
draw the abrasive particles through long runs of piping. Thirdly, when the
fluid jet is reduced or switched off the pump action drops to such levels
that the abrasive particles settle in the feed pipe thus causing blockage
of the feed pipe. Such blockages are virtually impossible to clear simply
by re-generating the fluid jet to recreate the jet pump effect. Because of
the low concentration of abrasive material and the 'inconsistencies in  the
concentration it has not proved possible with the hitherto known apparatus
to provide an abrasive jet with the  



-2- capacity for cutting hard materials such as stone and metals and the
use of the hitherto known apparatus has generally been limited to cleaning
operations and the cutting of soft materials. This invention provides
apparatus which does not suffer from the above disadvantages and which
allows the generation of an extremly high speed jet carrying a very high
and consistent concentration of abrasive particles that can be used for
cutting such materials such as reinforced concrete and metals such as
stainless steel pipe and sheet and which can also be operated at lower
pressures and/or lower concentrations of abrasive particles to allow
delicate cleaning operations such as descaling of castings and the like.
According to the invention apparatus for generating an abrasive fluid jet
comprises metering feed means for continuously passing a constant amount of
abrasive particles to a mixing hopper of frusto- conical section in which
the abrasive particles are mixed with a carrier liquid fed into the bottom
of the hopper with a swirling motion such as to thoroughly wet the abrasive
particles and to maintain them in suspension to produce a slurry of
consistent concentration, pump means for pumping the slurry from the mixing
hopper to a jetting head, means for introducing a stream of fluid into the
jetting head as a high speed jet in a direction substantially axially of
the jetting head whereby the abrasive particles are entrained in the fluid
jet and ejected from the head at high speed to impinge upon an object to be
abrasively treated. The jetting head is preferably of the type described
and shown in our copending Application EP-A-0119203 and comprises a housing
defining a transfer space; outlet means defining an outlet aperture
extending from the transfer space; jetting nozzle means of smaller cross
section than the outlet means for directing a fluid as a jet axially into
the transfer space and through the outlet aperture; inlet means located
downstream from the jetting nozzle means along the axis of the jetting
head;  inlet means for directing the slurry of abrasive particles
tangentially into the transfer space; the 



interior walls of the housing and the position of the inlet means being
such that the slurry is conducted through the transfer space particles from
the carrier liquid, the abrasive particles moving    3 - preferentially to
the periphery of the transfer space and being constrained by the wall of
the housing at the upstream end of the transfer space to move towards the
axis of the jetting head to be entrained in the carrier fluid jet issuing
from the jetting nozzle and to pass through the outlet means while the
carrier liquid from the slurry passes through the outlet means as an
annular layer surrounding the fluid jet with its entrained abrasive
particles. With this arrangement the particles are entrained substantially
in the outer surface of the fluid jet and on passage through the outlet
means are substantially separated from contact with the material defining
the outlet means by the layer of carrier liquid, thereby reducing abrasion
of the outlet means. Preferably the metering feed means for the abrasive
particles comprises an upwardly extending worm operating within a tube and
having a significant radial clearance within the tube. This clearance
between the worm and the tube allows excess abrasive particles to slip back
freely towards the abrasive particles supply thereby substantially
eliminating abrasive wear on the walls of the tube. Thus, although there is
abrasive wear on the screw it is much cheaper and simpler only to have to
replace the screw rather than the whole of the feed means. The amount of
abrasive particles fed to the mixing hopper can be adjusted by adjusting
the rate of rotation of the screw or by replacing the screw with one of
different carrying capacity. The mixing hopper is a hopper of frustoconical
section and the carrier liquid is fed into the bottom of the hopper with a
swirling motion such as to thoroughly wet the abrasive particles and  to
maintain them in a suspension of constant concentration. The liquid feed to
the mixing hopper may, for example, comprise a pipe having a plurality of
radially-extending outlets at one end extending down 



one wall of the hopper to a point at or towards the bottom thereof so that
the liquid issuing from the radial outlets causes a swirling motion in the
bottom of the hopper which extends to the upper regions of the hopper and
thus keeps the whole contents of the hopper in motion. With this
arrangement there is no need to have a stirrer in the hopper and this a
positive advantage since any stirrer would be subject to abrasion by the
-4- abrasive particles and would have to be frequently replaced. The slurry
of abrasive particles and carrier liquid leaves the hopper from the bottom
thereof and is fed to a pumping means, which may be a positive displacement
pump or, preferably, a centrifugal pump, and pumped to the jetting head.
The invention will now be described in greater detail by way of example
with reference to the drawings in which:- Fig. 1 is a schematic view of one
form of apparatus according to the invention; and Fig. 2 is a schematic
view of one form of jetting head for use in the apparatus according to the
invention. As shown in Fig. 1 apparatus according to the invention
comprises a supply container for abrasive particles (1) from which a feed
screw (2) operating within a tube (3) feeds the abrasive particle into a
mixing hopper (4) in which they are mixed into a slurry with liquid. The
mixing hopper (4) which is frustoconical in section is fed with liquid
through a pipe (5) which runs closely down one side of the mixing hopper
(4) and terminates at its lower end (6) in a plurality of radially
extending outlets (7). The pipe (5) extends to a point close to the bottom
(8) of the mixing hopper (4). The liquid is fed into the mixing hopper (4)
under such pressure that it issues through the outlets (7) such as to cause
a swirling and stirring motion throughout the whole height of the mixing
hopper so as to create a substantially homogeneous slurry in the mixing
hopper (4). The slurry is pumped from the bottom (8) of the mixing hopper 



(4) through a pipe (9) by means of a pump (10). On its outlet side the pump
(10) pumps the slurry under pressure into the inlet (11) of the jetting
head (12). The slurry enters the jetting head (12) tangentially in such a
way that the centrifugal forces generated separate the abrasive particles
from the liquid so that the abrasive particles concentrate against the
upstream wall (13) of the jetting head (12). A fluid under high pressure is
injected axially into the jetting head (12) through a jetting nozzle (14)
and the abrasive particles are entrained in the outside portion of the
fluid jet generated by the jetting nozzle (14) and carried to the outlet
(15). The  liquid that is separated    -5- from the slurry during
introduction into the jetting head (12) is constrained to pass downstream
of the jetting nozzle (14) and forms an annular layer surrounding the
abrasive particles entrained in the outer portion of the jet. The jetting
nozzle is shown in more detail in Fig. 2 of the drawings. The inlet means
(11) extend tangentially into the transfer space (16) within a housing
(17). The slurry is therefore directed into the transfer space (16) so as
to flow along a spiral path. The centrifugal forces acting on the slurry
cause separation of the abrasive particles (18) from the liquid and the
abrasive particles move upstream of the jetting nozzle (14) until they are
constrained by the rear wall (13) of the housing to move inwardly until
they contact and become entrained in the outer portion of the fluid jet
(19) entering through jetting nozzle (14) and are carried by the fluid jet
through the jetting head (12) to be ejected through the outlet (15). The
water from the slurry moves upstream of the jetting nozzle (14) and is
ejected from the outlet (15) as a protective layer (20) surrounding the jet
of abrasive particles (18) entrained in the fluid jet (19). It will be
appreciated that because the slurry is pumped into the jetting head (12)
rather than drawn into the jetting head (12) 



by the venturi effect of the fluid jet (19) passing inlet (11) a high
concentration of slurry and therefore of abrasive particles (18) can be
introduced into the fluid jet (19).  Moreover because the slurry is being
positively pumped to the jetting head (12) it is possible to separate the
jetting head (12) from the source of slurry by a long length of feed pipe
(9) thus enabling the apparatus to be used in locations in which it is
difficult or inconvenient to form the slurry for example, at high locations
or under water.    C L A I M S 1.  Apparatus for generating an abrasive
fluid jet comprising metering feed means for continuously passing a
constant amount of abrasive particles to a mixing hopper of frusto conical
section in which the abrasive particles are mixed with a carrier liquid fed
into the bottom of the hopper with a swirling motion such as to thoroughly
wet the abrasive particles and to maintain them in suspension to produce a
slurry of consistent concentration, pump means for pumping the slurry from
the mixing hopper to a jetting head, means for introducing a stream of
fluid into the jetting head as a high speed jet in a direction
substantially axially of the jetting head whereby the abrasive particles
are entrained in the fluid jet and ejected from the head at high speed to
impinge upon an object to be abrasively treated. 2.   Apparatus according
to claim 1, wherein the jetting head comprises a housing defining a
transfer space; outlet means defining an outlet aperture extending from the
transfer space; jetting nozzle means of smaller cross section than the
outlet means for directing a fluid as a jet axially into the transfer space
and through the outlet aperture;  inlet means located downstream from the
jetting nozzle means along the axis of the jetting head;  inlet means for
directing the slurry of abrasive particles tangentially into the transfer
space; the interior walls of the housing and the position of the inlet
means being such that the slurry is conducted through the transfer space
towards the jet such that the slurry moves spirally upstream of the inlet
means whereby the centrifugal 



action separates the abrasive particles from the carrier liquid, the
abrasive particles moving preferentially to the periphery of the transfer
space and being constrained by the wall of the housing at the upstream end
of the transfer space to move towards the axis of the jetting head to be
entrained in the carrier fluid jet issuing from the jetting nozzle and to
pass through the outlet means while the carrier liquid from the slurry
passes through the outlet means as an annular layer surrounding the fluid
jet with its entrained abrasive particles. 1111111   11111  11 1111 C  L  M
S*    -7 - 3.  Apparatus according to claim 1 or claim 2, wherein the
metering feed means for the abrasive particles comprises an upwardly
extending worm operating within a tube and having a significant radial
clearance within the tube. 4.  Apparatus according to any one of claims 1
to 3, wherein the the liquid feed to the mixing hopper comprises a pipe
having a plurality of radially-extending outlets at one end extending down
one wall of the hopper to a point at or towards the bottom thereof so that
the liquid issuing from the radial outlets causes a swirling motion in the
bottom of the hopper which extends to the upper regions of the hopper
thereby keeping the whole contents of the hopper in motion. 5.   Apparatus
according to any one of claims 1 to 4, wherein the pump means is a positive
displacement pump. 6.  Apparatus according to any one of claims 1 to 4,
wherein the pump means is a centrifugal pump. 7.  Apparatus according to
claim 1, substantially as described herein with reference to the drawings.


